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SUMMARY

The overall objective of this project was to establish
a data base for the manufacture of artillery projectiles
from HF-1 steel utilizing mass production processes and

equipment.

The M549 projectile was the test vehicle for this project
and was manufactured utilizing HF-1 steel supplied by two
steel vendors. Three different cooling techniques were util-
ized by the vendors. in the production of the steel. These
were the furnace, pit and box cooled methods.

A total of 1,562 pieces were processed during this project.
This quantity of steel was divided among the two steel vendors
and the three bar coocling techniques.

The process investigated and the acquisition of data curing
this project encompassed the following:

1. Mult Parting Techniques (Nick & Break and Sawing
Processes) - Mult length and weight variations;

2. Forging - Process, tooling and gage design; temperatures
and load requirements;

3. Rough Turn Machining - Speeds, feeds, tooling types,
tooling life and pressures acquired for forgings in the
spheroidized annealed versus unannealed conditions;

4. One Hit Nosing - Evaluated only to the extent of
developing and confirming the forging process;

5. Metallurgical Evaluation - Conducted at all stages of
the above listed processes.



The analysis of the data and metallurgical evaluation
from mult parting through the rough machining processes
indicated two main areas of concern. They were the undesir-
able effects of excessive conditioning of the billets as
received from the steel mill and maintaining the proper
forging temperature at the hot draw operation. These problem
areas caused the majority of defects encountered during

processing of the projectiles.
The most outstanding finding of this study was the deter-

mination that an air cooled forging can be machined without

the need for a cost prohibiting spheroidize annealing process.
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INTRODUCTION

This report has been prepared by the Scranton Division of
the Chamberlain Manufacturing Corporation as a Contract Data
Requirement in accordance with Scope of Work - Project
5804189 under Modification 24 to Contract DAAAQ09-74-C-4009
and subsequent bi-lateral supplemental agreements thereto.

BACKGROUND

Project 5804189 is the second phase of the High Frag-
mentation Steel Production Process Manufacturing Methods and
Technology Project. The overall objective of this project is
to investigate the processes, techniques and tools for the
manufacture of the M549 warhead from high fragmentation (HF-1)
steel using mass production processes and equipment and

establish a data base for this purpose.

The project was established to investigate the many
problems encountered during the production process. A
primary source of concern was the seemingly uneconomical
methods of production. The project was designed to refine
and optimize, if possible, the more critical and uneconomical
processes by thoroughly investigating differences in the
metallurgical characteristics in steel from different pro-
ducers and different processes which might result in
anamolies and to use the data to establish processing

parameters for forging and machining operations.

The first phase of the project entailed the purchase and
metallurgical characterization of two heats of HF-1 steel
from different vendors. Performed by Chamberlain and funded
under contract DAAAQ09-74-C-4009, Project 5794189 resulted in
Contractor Report ARLCD-CR-81017, a thoroughly documented
data base established by Chamberlain Metallurgical Engineer

Colin MacCrindle.




Of primary interest in Phase I were the aforementioned
anomalies found in HF-1. These included variations in heat-
to heat chemistry, alloy segregation and material soundness.
The project, therefore, involved purchasing steel from
different vendors to investigate these variations. Another
concern of this phase was the cooling method used by steel
producers in the event of peak production situations such as
mobilization. In such a situation, the usual method of
"bung' or furnace cooling (by placing the steel in a furnace
and gradually reducing the temperature) might not be feasible
because of equipment priority allocations for other products.
Alternate cooling methods were sought and the steel cooled
using these methods, then compared and contrasted

analytically with that produced by bung cooling.

The vendors chosen to produce the steel for Phase I were
Republic Steel (Masland, Ohio facility) and Bethlehem Steel
(Lackawanna, NY facility). Both vendors produced heats
(production lots) of approximately 200 tons. Bethlehem
cooled its product using the bung furnace method and chose
box cooling (the placing of the billets into a metal box and
allowing them to cool with no temperature control) as the
alternate method. Republic, which had no furnace cooling
equipment available at its facility, utilized pit cooling (in
which the billets are simply placed in a pit where they

remain for seventy-two hours).

All steel was icentified by vendor, location of steel with-
in the heat and cooling method. This identity was retained
throughout Phase I and Phase II in order to determine not only
metallurgical differences, but differences in forging results,
machinability, etc., resultant from process, cooling method or
location which might reduce the effectiveness of the forging
and machining process or the quality of the finished product.

Using the identification techniques described in Contractor




Report ARCLD-CR-81017, steel from each vendor, process and
location was then evaluated for chemistry, cleanliness, macro
and micro quality and surface quality.

The steel was also subjected to Jominy End Quench testing
for hardenability, austenitized, quenched and tempered and
mechanical property tests performed. The detailed results
may be found in the previously mentioned report. Using the
data accumulated during Phase I and the parameters established
by the researcher, Phase II was then pursued with Chamberlain
awarded the contract for its performance.

Phase II was designed to investigate production problems
such as excessive machining of oversize mults (a result of
forging eccentricity), high energy requirements of spheroidize
anneal and machining difficulties enountered in the rough
turning operation.



PROJECT DESCRIPTION

The objective of this project was to establish a data
base for the manufacture of the M549 projectile from HF-1
steel. The scope of work stated that the project would
be carried out according to the following tasks as outlined
and described below:

Task A - Optimization of Forging Operation

1. Produce a quantity of mults by parting method of

contractor's choice.

2. Forge this quantity of mults in an effort to
establish the optimum forge tooling and process.

3. Use data from above to establish the minimum
starting mult weight.

4. Upon evaluation of collected data, process a mini-
mum of 100 mults through the forging operation to verify the
established process and further refine it if necessary.

Task B - Evaluate Mult Parting Techniques

1. As a minimum the "Nick and Break'" and "Cold Sawing"

parting techniques shall be evaluated.

2. Steel from both heats and different cooling tech-
niques shall be parted equally between the mult parting

techniques.

3. Select a minimum of 5 mults from each heat, cooling
and parting techniques for metallurgical and dimensional
evaluation to determine the effects of mult parting techniques
on the steel and the mult weight variation.



Task C - Evaluate the Need for Spheroidize Annealing
of the Forgings

1. Process a representative sample of forgings
produced in Task B through the following spheroidize anneal
cycle:

1450°F + 25°F for 2 hours. Cool to 1250°F.
1250°F + 25°F for 4 hours. Air cool.

These groups shall be considered as the '"control groups"
against which other methods of imparting machinability shall
be'compared.

2. Investigate and determine the best alternate methods
of imparting adequate machinability to forgings.

3. Perform a metallurgical analysis on the forgings
produced per Item #1 above for comparison with metallurgical
data cbtained for the forgings produced per Item #2.

4. Rough machine a quantity of forgings as produced
per Item #2 above in order to evaluate tool life and machining
problems for comparison with the results obtained by rough
machining a significant quantity of forgings from the control
groups.

Task D - Evaluate Machine Tools for Rough Machining of
Forgings

1. TInvestigate possible tool materials, geometries and
equipment feeds and speeds to optimize the Rough Turn

process.

2. Verify the optimum Rough Turn process as derived
from #1 above, by processing through Rough Turn a statistically
significant quantity of forgings from both the control and test
groups from each heat.

(9]



Task E - Processing of Remaining Steel

1. Process a significant quantity of mults from each
heat through mult parting.

2. Process all mults up to and including the optimi-
zation of Task D.

3. Maintain total identity of all steel processed such
as heat, ingot, bar® cooling technique and mult parting

technique.

4. Weigh the mults produced in a statistically signi-
ficant quantity.

5. Qualitatively analyze all forgings produced.

6. Perform an economic analysis of mult parting
methods.

* The words bar and billet are used interchangeably
throughout the report; both refer to the steel supplied
by the vendor.



OPERATIONAL PROCEDURE
Steel Identity

HF-1 steel for this project, purchased under Phase I of
MM&T Proj. 5794189 (ref. #1), was supplied by two (2) steel
vendors, Republic Steel Corporation and Bethlehem Steel
Corporation. The identity of the steel, as distinguished
between the two (2) manufacturers and referenced frequently
throughout this report, is presented below:

Manufacturer: Republic Bethlehem Bethlehem
Mfg. Heat ¢#: 8068860 517K4209 517K4206
Mfg. Process: Double Single Single
Conversion Conversion Conversion
Cooling Method: Pit Box Bung
Chamberlain Heat #: 1 2A 2B

Steel Traceability

A general requirement for this project was to be able to
identify whether HF-1 steel or the manufacturing process would
be the cause of any problems that might occur during the
manufacturing of this projectile.

To maintain steel traceability of all the projectiles
produced during this project, each mult was numbered immediately
upon completion of the mult parting process. The serialization
of each mult provided the means of identifying the heat, billet,
ingot and the position in the ingot from which it was derived.
In alil manufacturing processes, where the serial number of the
specimen would be eradicated due to that particular process,
such as forging, etc., the identity of each mult was noted at
the beginning of that process and then the process piece was
renumbered at the completion of that process. This manner of



steel traceability was maintained from mult parting through
completion of the nosing process. All inspection and
necessary processing data was recorded and associated with

each particular mult serial number.

All mults forged during this project were loaded into the
furnace in numerical order and loaded with only one mult per
furnace (the furnace has the capability of loading three
rows). This procedure was deemed necessary in order to main-
tain identification of the mult as it exited from the furnace.
Temperature and forging load readings were obtained and recorded
during the following stages of the forging operation as listed
below:

Temperatures: (All forging tasks.)
1. Mult at furnace exit (spot checks).
Mult just prior to preforming operation.
Preform Slug - just prior to piercing operation.

Pierce Bottle - just prior to drawing operation.

v >~ W N

Forging - on coolout conveyor (spot checks).

Figure 1 exemplifies the stages of temperature recordings
for items 2, 3 and 4 as stated above.

Forging Loads: (Task A & E)
1. Preform
2. Pierce

3. Draw

Figure 2 is an illustration depicting the various stages

of forging for which load readings were acquired.

Utilization of Steel Processed

The identity and utilization of the mults parted during the
various tasks of this project are listed below:
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Task A

Identity
Vendor Heat # Shell #'s
Republic 1 1 thru 23 & 40
thru 231
Bethlehem 2A None
Bethlehem 2B 24 thru 39
Utilization

1. Optimization of the forging operation (Task A).

2. Evaluation of the need for a spheroidize annealing
process (Task C).

3. Investigation of '"rough turn" tooling material and
designs and equipment feeds and speeds. (Prerequisite to
Task D.)

4. Processing through '"mosing operation' to evaluate
the design dimensions of the "rough turned" shape (confirmation
of Task A).

Task B
Identity
Vendor Heat # Shell #'s
Republic 1 232 thru 295 &
424 thru 504
Bethlehem 2A 296 thru 338,

403 thru 423 &
505 thru 582
Bethlehem 2B 339 thru 402
583 thru 648

fox]

Utilization
1. Dimensional and metallurgical evaluation to determine
the effects of the parting method on the steel (Task B).
2. Evaluation of the need for spheroidize anneal of
forgings (Task C).

1i




3. Optimization of rough machining process (Task D).

Task E
Identity
Vendor Heat # Shell #'s
Republic 1 649 thru 996
Bethlehem 2A 997 thru 1277
Bethlehem 2B 1278 thru 1552
Utilization

1. Processing a suitable quantity of mults up to and
including the optimization of Task D at or near normal
production conditions to further evaluate the process with
regard to Tasks A thru D.

12




OPTIMIZATION OF THE FORGING PROCESS (TASK A)

Process Development

The "Hot Forge Heat Treat' design process of any projectile
begins with the review and analysis of the required finished
part and the equipment available, or required, to produce that
part. Since the M549 was the test vehicle for this project,
the ordnance drawing of the finished projectile, figure 3, was
reviewed and analyzed to determine what, if any, manufacturing

problems might be encountered during production.

Areas of concern included:

1. The length of the ogive section of the projectile

with its relatively thin finished wall section.

2. The sudden transition from the thin wall section of
the ogive to the thicker wall section at the bore diameter,

figure 4.

3. The possibility of the shell wall ''buckling" at the

base of the ogive during the 'mosing' operation, figure 4.

A concession that had to be made, due to Item #1, was to
add more material to the ogive as it decreases in diameter.
Allowing that extra material enabled the rough turned piece to
be made thicker in this area. This was necessary because the
wall thickens as the nosing process takes place and the as-
rough turned wall could have gotten too thin to support the
load and "fold" up.

Continuing with the design of the ''as nosed'" shape,
additional material was again added to the finished projectile
configuration to provide material allowances for the "finish

turn machining operation'". The desired "as nosed" shape is

L3
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depicted in figure 5.

Unlike most shells, where the transition from the ogive
to the bore diameter area of the shell is gradual, the M549
has a sharp and sudden transition. This condition, coupled
with the thin to thick change in wall section, as per Item
#2, might prove it difficult to obtain the desired internal
profile at the bore diameter area during the nosing operation.
Due to the sharp transition of the ogive into the bore area,
a contoured crown was added to the open end outside diameter
of the rough turned can. '"Trial and error" is the most
positive method available to determine the exact location of
where the 'crown" is to be placed in order to obtain the
proper bore diameter and profile, In some cases, many trials
and corrections must be made to the "rough turn can'" in order
to obtain the required configuration of the nosed shell. Based
on past experience, a preliminary design of the rough turned
shape is illustrated in figure 6.

The possibility of the shell wall buckling, at the base of
the ogive, during the nosing process, is always a concern with
thin walled projectiles such as the M549. Based on the designed
dimensions of the as nosed and rough turned shapes, and a
predicted nosing temperature of 816°C (1500°F), initial nosing
load calculation revealed that the nosing force required to
successfully nose the shell would be approximately 2.3 MN (259
tons). The force required to cause buckling at the base of
the ogive was calculated to be approximately 2.5 MN (280 tons),
indicating that buckling would not occur if the nosing tem-
perature was maintained at 816°C (1500°F) or above.

Having analyzed the possible problem areas associated with
this projectile and material, continuation of the design
process proceeded with the development of the as-forged
configuration. This entailed adding material allowances to

16
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the developed rough turn shape to provide material for
forging eccentricity and rough turn machining. The desired
as-forged configuration is presented in figure 7.

Based on the as-forged dimensions, normal forging tolerances
were added along with allowances for mult variation and scale
loss to determine the proper mult weight of 30.8 kg (68 lbs.).
Allowing 0.91 kg (2 1lbs.) for kerf loss (the amount of material
lost due to the sawing operation) the required purchased
(ordered) mult weight would be 31.75 kg (70 1lbs.).

Once the mult weight of 30.8 kg (68 lbs.) was established,
the mult length, preform slug and pierce bottle were developed
to complete the design process of the M549 projectile. The
sequence of production is illustrated in figures 8 and 9.

Tooling Development

Upon completion of the design process of the M549 projectile,
the required forging and nosing tooling was then developed.

Acknowledging the shape and dimensions previously developed
for the preform slug, pierce bottle, drawn forging and the
desired as-nosed shape, the tooling was designed with dimen-

sional allowances added to compensate for process temperature.
Figures A-1 thru A-10, listed in Appendix A, depict the
forge and nosing tooling that were used to produce the M549
projectile during this project.
Once the tooling components were developed, the gages that
were required to check the dimensions at various process

operations were designed and constructed.

The gages constructed and/or utilized (per process operation)

19



el g ‘uoTirvangs [JUOY | PRdlO | =57

L e " ]
1R LDT

‘BMQ SS3204Hd v LOM i
Ay0734 "5 HOA CILOM B LesIND SO GNOIENIHID YTV IELOM K

) ._-.I.J.L.I'J_

il A A i | A i .

“ | m. m_\ i3
g s
" 1] ..._-
mm m \m. ¥ m 3
i’ 3 5 R s
) i § m § &

3 1 3 2
F L L J__; L,
o a2 R T T T T AL AL A P2
.l-l‘..w-‘_ - Ihﬁr cm.m
HLEW
= I |
Jinnﬂm.ﬂ-ﬁﬁduqrﬂﬂﬂﬁ-




aouanbas 3urdaoyg

*Q 2an3T4

‘ . gy i
ANION__awor [Fap aiva | ) VAP L0 et
L Y Lok
YT Bopunwury DuLny g SO0 000°
wapieedeny Fupmpagnrey mvasgReg) P
uleaquey) o
ONIOH0T NV
GG 71104 104 31d
006G
_.. l‘ (439 vid
e | [
Az | S
4 e s
% o
/ ‘
..\\ \
2 7
4 PV 7 N 7
2 ! v
Y 2
4
wﬁ\/% g
(434)'Vid
(430D == EYL===
~'VIa0ECo -
3lva ]| A9 NOILAIYIS3a ‘WAS

SNOISIAIY

onis
WHOAdHd

(434) VI

*\- OS9G -

(434) "widl
=—EP0L

21




‘?ouenbes wc..nmoz- ydnoaya cwzm ysnoy ‘6 92an3dT4g

“Oddv

TNION v [ Fenyae | AV Lo e |20
e e NYNL HONOY
uleaqueyd) N
(435 vid (434) via
=819 A3SON e
(42d)'wia Om,mFM = SV .g ﬁ.lm_u@ VIO OCG
R e —
7 [l
/ o]
[€ES) I & I :
01212 o Gt
. | ﬁ - ||._*
(439)'via Ov.m'_ _' L ﬁl (43 VI +6'G
3iva| A8 NOILLJI¥OS3q ‘NAS

SNOISIAY




are listed below:

Forging (Hot) Base thickness, cavity length, I.D.

datum locations and eccentricity.

Forging (Cold) Base thickness, cavity length, I.D.

datum locations, eccentricity, I.D. and

0.D. micrometers.

Rough Turn - Base thickness, overall length (3) 0.D.
snap gages & I.D. micrometers, wall
thickness variation.

Nosing - Bore length, bore diameter, (2) O0.D.
datum diameter, wall thickness variation,

cavity length.

Some of the gages that were utilized during this project
are presented in figures 10 thru 12, others are presented as

sketches in figures B-1 thru B-5, Appendix B.

Testing Stages

Parting Operation

All mults utilized for this task (231 pecs.) were parted
by means of sawing on Metalcut XII and XIV cut-off saws
equipped with 28" diameter x 50-tooth carbide tipped saw
blades. Due to its flexibility over other forms of mult
parting, the cut-off saw was used in order to obtain more
accurate weight control of the mults during the initial testing

stage (fig. 13).

Although design calculations established the weight of
the mult to be 30.84 kg (68 1lbs.), mult weight for this task
was targeted at 32.2 kg (71 1lbs.) in the sawing operation.
The additional weight was added to allow for any unforseen
problems that might occur during forging. This action is

standard practice in the process development of any projectile.

23



A. Eccertricity zage (wall thickness variation).

B. TI.C. datum geges (Top of Paoto) Base Thickness Gage.

Figure 10. Photographs cepicting some of the gages tilized for
inspection c¢f zhe forging.

24




L Figure 11. Photo depictinz the '"base thickness'" gage (top),

"0.D. snap" gage (middle) and 'overall length"
gage employed at the Rough Turn operation.

Figure 12. Phcto depicting 0.D. datum gage (top) and bore
lergth gage utilized at the WNosing operation.
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Due to the difference in the cross-sections and the
conditioning of the steel as received from the two (2) steel
vendors, a representative billet from each vendor was sawed,
measured for length and weighed for a preliminary assessment
of consistency. The billet supplied by Republic Steel Cc.
yielded mults that averaged 231.77 mm (9-1/8") in length and
32.88 kg. (71.4 1bs.) in weight. The Bethlehem Steel Co.
billet yielded mults that also averaged 231.77 mm (9-1/8")
in length but 31.52 kg. (69.5 1lbs.) in weight. The weight
values are both within standard steel mill tolerances, but

a weight tolerance on the plus side is preferable.

Forging Operation
Equipment

All mults processed during this project were heated
to temperature in a Surface Combustion direct-fired rotary
hearth furnace (fiigures 14 and 15), and forged on an Erie
hydraulic press line consisting of a 7.11 MN (800 ton)
capacity preform press, 7.11 MN (800 ton) piercing press and
a 3.55 MN (400 ton) drawing press arranged in tandem (figures
16 thru 18). The following are the specifications of the
three (3) presses:

Preform Press

Capacity: 7.117 MN (800 ton)

Stroke: 1.829 M (72 in.)

Ram Diameter: 0.711 M (28 in.)

Ram Area: 0.397 M2 (615.75 in.2)

Ram Speed: 0.466 M/sec. 1100 IPM (Fast

Advance)
0.059 M/sec. 140 IPM w/pump only.

Piercing Press

Capacity: 7.117 MN (800 ton)
Stroke: 1.829 M (72 in.)

Ram Diameter: 0.711 M (28 in.)

Ram Area: 0.397 M2 (615.75 in.?2)

27



Figure 1l4. Pactograpdhs cezicting discharge end (top) and
rzar view (kottom) of rotary hearth furnace.
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Figure 16. Photograph depicting the preformed '"slug' as it exits
' the preform press die cavity.
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Figure 18. Photograph depicting the pierce "bottle" at the draw
rings in preparation for the drawing operation.
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Ram Speed: 0.466 M/sec. (1100 IPM) Fast

Advance
0.254 M/sec. (600 IPM) w/
Accumulator
0.059 M/sec. (140 IPM) w/
pump only.
Drawing Press

Capacity: 3.55 MN (400 ton)

Stroke: 3.048 M (120 in.)

Ram Diameter: 0.508 M (20 in.)

Ram Area: 0.202 M2 (314.16 in.2)

Ram Speed: 0.466 M/sec. (1100 IPM) w/
Accumulator

Testing

Initial forging of the M549 was conducted on April
l4th, 15th and 16th, 1981. A total of 227 sawed mults were
forged during this testing period. Initially, furnace
temperature was set at a maximum of 1149°C (2100°F). This
setting was used so as not to exceed the maximum mult
temperature of 1149°C (2100°F) required by the M549 warhead
government drawings. Using a furnace temperature setting of
1149°C (2100°F) yielded a mult temperature of 1093°C (2000°F)

as it exited the furnace.

During the first day of testing, fourteen (1l4) pieces
were processed through the forging operation. Review of
inspection data revealed that the forgings were all within
predicted design dimensions and the remaining pieces were

forged on the following two (2) days.

Representative temperature readings, obtained with
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the use of a two color infrared pryometer, were recorded
as follows: (ref. fig. 1)

1038°C (1900°F) - Prior to preforming.
9327€ (1710°F)
€96°C (1645°F)
821°C (1510°F)

Prior to piercing.

At base area prior to hot draw.

At open end area prior to hot draw.

Representative forge load values (ref. fig. 2)
were obtained from existing load gages that are part of the
press proper. These gages revealed a load of 5.338 MN (600
ton) at the pierce and from 0.889 MN (100 ton) to 1.334 MN
(150 ton) at the hot draw operation as the forging progressed
through the three (3) draw rings. The load values obtained
were questionable due to suspected inaccuracies of the
existing gages. It was then decided that pressure transducers
and recording instrumentation would be obtained and installed
on the press line so that reasonably accurate forging load
data could be obtained during the performance of Task E.

Cooling

Upon completion of the hot draw operation, the
forgings were cooled from approximately 816°C (1500°F) down
to room temperature in still air on the cooling conveyor
(fig. 19). During normal production conditions, the forgings
are cooled to approximately 177°C (350°F) on the conveyor,
dipped in a water tank and then removed from the line in

preparation for the cavity shot blast operation.

When conducting initial forging tests on any projectile,
it has been the standard procedure (at thg Scranton AA Plant)
to load the forgings in consecutive order on the cooling
conveyor basket carriers. This method was used to insure that
all forgings cooled in the same manner and to maintain test

integrity. The water tank is normally used during production
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Figure 19. Photograph cf M-549 shells cn cooling conveyor.

Figure 20. Photograph illustrating cevity condition of M-549% {HF-1)
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only to insure that the shells are cool enough to handle

when being unloaded from the conveyor.

It was anticipated that the difference in the way
the forgings were cooled during this task (as compared to
normal production methods) would be of no significance. Data
and results obtained on this subject are presented in

discussions of Task B in this report.

Inspection

All forgings produced met the standard inspection
criteria of eccentricity, base thickness, datum diameters
and length that were expected. Cavity conditions of the M549
forgings produced during this task, (fig. 20) were excellent.
The forgings, both inside and out, exhibited more of a cold
drawn appearance than that of hot forged. This is attributed
to the reduced scaling which appeared to be characteristic of

HF-1 during the performance of this task.

Metallurgical Evaluation of Forgings

Once the forgings were inspected, a representative
forging was selected and evaluated for hardness. To evaluate
the hardness, a full length section was cut from the forging.
Hardness readings were obtained at one inch increments along
the length of the section. The evaluation revealed a hardness
of 32 Rockwell "C" at the base, progressing to a hardness of
39 Rc at the open end of the forging (see fig. 21).

The microstructure of the forging was evaluated by
obtaining a half-inch section from an area approximately
76.2 mm (3 inches) from the base. It was then prepared and
analyzed at 1000X magnification as presented in figure 22.
Analysis of the sample showed the structure to be composed of
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Figure 22. Photomicrograph depicting the microstructure of a
section from the M549 (HF-1) forging in the "as-
forged" condition.

Mag. 1000X
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approximately 907 fine pearlite and 107 coarse pearlite.
There were no vivid white spots (which would indicate preci-
pitated carbides) detected on the sample.

The hardness and microstructure evaluation indicate
that the forging, as conventionally cooled, can be machined

in this condition.
Spheroidize Anneal of Forgings

In preparation for Task C of this project, and also
to aid in the optimization of the forging operation, 52 of
the forgings produced from Heat #1 (Republic) steel, were
processed through the spheroidize anneal cycle as outlined
in the "Project Description'' section of this report. The
annealing process for this group of forgings was accomplished
on a small batch basis utilizing Chamberlain's existing "tool
room' furnaces. Total time to complete the required annealing
cycle was 9-1/2 hours.

Hardness readings obtained from the spheroidize
annealed forging revealed a Rockwell "B'" hardness of 95 to
98 (Rc-18). Relating this to a conventionally cooled forging
(as-forged condition) it would be roughly 537 as hard. (figure
23.)

A photomicrograph taken of a section of the annealed
forging (figure 24) showed that the desired structure, con-
sisting of spheroidal carbides in a ferrite matrix, was

achieved.
This group of forgings was utilized as the control

group for Heat #1 (Republic Steel) during the compilaticn of
data for Tasks D and E.
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Figure 24.Photomicrograph illustrating the structure of a

spheroidized annealed M-549 (HF-1) forging.
ag. 1000X.
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Confirmation of the Forging Process

Center and Rough Turn Machining

All parts centered, rough turned and cut to length
during this task were machined on a J & L N/C lathe chosen
for its flexibility in making any changes that would be

required.

A total of 80 forgings were rough turned during this
task. All but two (2) of the forgings were machined in

the as-forged condition.

No difficulty was encountered in machining these
forgings using speeds and feeds compatible with the production
rough turn equipment to be utilized in the performance of the

remaining tasks of this project.

Nosing Operation

Although the nosing tests were not a requirement for
this phase of the project, some parts had to be nosed to confirm
that the desired as-nosed shape could be produced from the
designed forging and rough turned shape.

Nosing tests were first conducted April 30, 1981 and
were concluded August 13, 1981. The forgings utilized for the
nosing tests were obtained from the group that was forged during
Task A of this study.

Equipment
Nosing Press - (800 ton) capacity Bliss
mechanical press with hydraulic
cushion
Heat for Nosing - Westinghouse induction heating
unit (originally designed for nosing
the M107 projectile).
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Heat Prior to Shell Lubrication - gas flame
impingement.

Procedure

The rough turned can was first preheated to 93.3°C
(200°F) and then sprayed with a water soluble graphite lubricant
as presented in figure 25. After application of the lubricant,
the rough turned can was inserted into the induction coil for a
length of 76.2 mm (3 inches), heated for 12 seconds then inserted
into the coil to a length of 342.9 mm (13-1/2 in.) and heated
for a period of 18 seconds to attain an average nose-area
temperature of 899°C (1650°F) to 927°C (1700°F) [figures 26
and 27]. This procedure was deemed necessary in order to
properly heat the shell, since the M107 induction coil used was
too short to properly heat the required length of the nosed
portion of the M549 in one pass.

The part was then transferred to the Bliss
mechanical press where the nosing operation was then performed.
(figure 28.)

Temperatures of the part prior to nosing were
obtained with the use of an infrared two-color pyrometer, while
nosing loads were obtained from existing gages located on the

press proper.

Testing

The forgings utilized to perform the nosing tests
were obtained from the group that was produced during Task A of
this study and were in the as-forged condition. Approximately
fifty (50) nosed pieces and twelve (12) different rough turn can
contour changes were needed to establish the proper bore length.
The following thirty (30) shells were nosed in the refinement
of the body dimensions of the as-nosed piece, and also, for

the purpose of trying to alleviate wall thickness variations
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Figure 27. Photograph depicting the lubricated shell just prior
to heating (top) and at the ccmpletion of the heating
cycle (bottom).
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Figure 2&. Photographs depicting the rough turned can at the die
area prior to nosing (too: and the nosed shell at the
complezicn of the operation (bottom).
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that were occurring in the area to the rear of the bore

(see fig. 29). The ordnance drawing of the M549 projectile
(ref. fig. 3) specifies that the maximum variation in wall
thickness shall not exceed 1.2 mm (0.050 in.). The wall
thickness variation that was experienced while performing the
nosing tests was found to be 2.5 mm (0.100 in.). During the
process of refining the body dimensions, two (2Z) possibilities

for the problem of wall variation were investigated.

The first possibility was that of uneven lubri-
cation of the part prior to nosing due to non-uniformity of
heat in the part prior to applying the lubricant. This possi-
bility was eliminated by nosing a few parts that were not pre-
heated prior to applying the lubricant. This procedure

produced no improvement in the wall thickness variation.

The second possibility investigated was that of
stresses being set up in the part during the forging operation.
To determine if this condition was the cause of the problem,
two (2) spheroidized annealed shells were rough turned and
underwent the nosing operation. The results indicated no

improvement in wall variation.

Since the proper body and bore length dimensions
of the nosed piece were established, the wall variation
problem was not pursued further and nosing optimization was

left to be completed in a follow-up effort.

Nosing Temperatures

During the course of developing the required as-
nosed shape, various nosing temperatures were tried along with
various insertion lengths of the part into the induction heater
coils. The temperatures that were investigated ranged from a
low of 793°C (1460°F) to a high of 1010°C (1850°F). Dimensional
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data showed that a temperature range of 898°C (1650°F) to
926°C (1700°F) produced the best results.

Nosing Loads

Once the final shape of the nosed piece and proper
temperature range were established, nosing loads were
obtained and recorded from existing load gages that were part
of the press proper. The recorded loads ranged from 2.135 MN
(240 tons) to 2.402 MN (270 tons). Figure 30 is a sketch
depicting the average temperature and load range recorded for
nosing the M549 (HF-1 steel).

Metallurgical Data

Although not required for this phase of the project,
evaluation of the hardness and microstructure of the as-nosed
shape was performed in preparation for Phase II1I1 of the MM&T
HF-1 program.

Hardness readings were acquired from a "fork'" section
sawn from the as-nosed part. The results of the hardness test
revealed a hardness of 24-30 Rc in the ogive and a hardness of
30-36 Rc in the transition zone as represented in figure 31.

An analysis of the microstructure revealed broken-
up pearlite in the ogive and fine and coarse pearlite in the
transition zone. This evaluation revealed that the as-nosed
part had a stable metallurgical structure which should not
require immediate heat treatment to prevent cracks from

developing. This structure is illustrated in figure 32.

Figure 33 is a photomicrograph illustrating the
structure at the base end of the heat transition zone of the
nosed piece while figure 34 is a photomicrograph of the

structure located at the nosed end of the heat transition zone
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M-549
Nosing

Figure 32. Photomicrograph of structure in nose area
showing broken up pearlite. 1000X Nital.
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M-549
Nosing

Figure 33. Photomicrograph of structure on base side of heat
transition zone. 1000x Nital.
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Figure 34.

M-549
Nosing

Photomicrograph showing structure of nose side of heat
transition zone after nosing. 1000x Nital
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obtained after the nosing process was completed. Both were
taken at 1000X magnification and mainly show a fine pearlite

structure with no carbides visible.

From a visual standpoint, no evidence of cracking

appeared in the pieces that were nosed during this study.
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MULT PARTING EVALUATION (TASK B)

The objective of this portion of the project was to prc-
duce a quantity of mults from each heat and bar cooling
technique, utilizing various mult parting methods, in order
to determine the effects of mult parting on the HF-1 steel,
and also to analyze the effects of the steel manufacturing
process on the quality of billets produced with regard to

variations in mult dimension and weight.

Upon evaluation of the forgings produced in Task A, it
was determined that 0.907 kg (2 lbs.) could be removed from
the weight of the mult by reducing the size of the boss
(the protrusion on the base of the shell that is used for
machining purposes) and the scale allowance (fig. 35

illustrates the reduction in boss size).

Targeted mult weight for this trial was 30.84 kg
(68 Lbs., ),

Two (2) methods of mult parting were employed and
evaluated. They were the ''Nick and Break' and the ''Cold

Sawing'' processes.

Nick and Break Process

The nick and break process is a conventional process
whereby incremental lengths, as per required mult size, are
first measured and marked on the top surface of the bar as
received from the mill (fig. 36). Marking is then followed
by the '"Nicking'' operation which consists of nicking the
marked surface of the billet with a ''gouging' or carbon arc
electrode (figs. 37 and 38). This action creates a stress
raiser at the nicked portion of the billet and is prepara-

tory for the breaking operation. The nicked billet is then
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Figure 37. Photograph illustrating the nicking of a billet.
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fed by conveyor to a Verson mechanical press, rated at 400
tons, where the breaking operation is then performed
(Fig. B89).

The number of mults parted per heat Nais as follows:

Heat #1 (Republic) - 75
Heat #2A (Bethlehem) - 78
Heat #2B (Bethlehem) - 68

An experiment to evaluate the best method for obtaining
the squarest and cleanest ends of the broken mult was tried
on the first billet processed. The experiment consisted of
nicking the first half of the billet with a three inch nick
on the center and top face of the billet and the remaining
half of the billet with a nick completely across the top of
the billet face (fig. 40).

For some steels, the three inch long nick produces a high
degree of squareness on the mult ends. However, with HF-1
steel the results indicated that the mults with the nick
completely across the top face had the cleanest and squarest
ends (figs. 41 and 42). The remainder of the test billets

were processed in this manner.

Upon completion of the '"Nick and Break'" operation, five
(5) mults from each heat (Heat Nos.1l, 2A and 2B) were
selected at random from the bars that were nicked and broken
and dimensionally analyzed. The dimensional and weight data
is presented in Tables 1 through 3. As revealed by the data
presented, average length of the mults ranged from 225.4 mm
(8-7/8 in.) to approximately 241.3 mm (9-1/2 in.) with the
majority of lengths being 231.7 mm (9-1/8 in.) to 234.9 mm
(9-1/4 in.) for the three heats of steel involved.
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As indicated in Table 1, the length of mult No. 434 was
recorded to be 241.3 mm (9-1/2 in.). This is 6.4 mm (1/4 in.)
over the desired maximum length of 234.9 mm (9-1/4 in.). A
condition of this sort is not easily controlled during pro-
duction since the reproducibility of accurate marking and
nicking of the billet is highly dependent upon the skill of
the operator. Improper placement of the billet relative to
the billet stop on the breaker press is also a problem that
occurs, but gradually lessens with improved skill of the
press operator.

Due to the fact that weight and length dimensions are not
easily controlled using the nick and break process, and
since the ends of the mults are not perfectly square, no
definite conclusion could be made from this data concerning
the effects of the steel manufacturing process on mult
weight variation. A more thorough investigation concerning

weight variation is presented below.

Sawing of Mults

The sawing of mults was performed on a Metalcut XII and
XIV cutoff saw utilizing 28" diameter x 50 tooth carbide
tipped circular saw blades.

Initial speed and feed rates used for cutting the HF-1
steel were approximately 420 SFPM and 13 in./min. respec-
tively. Target mult weight for the sawed billets during this
task was 30.84 + .45 kg (68 £ 1 1b.). Approximately 65 mults
were sawed from each heat and cooling technique. Five mults
from each heat were then selected and dimensionally analyzed.
The dimensional and weight data obtained is presented in
Tables 4 through 6. Listed in Appendix C are tracings of the
profile of the billet cross section for the respective mults.
The profiles are presented to show the difficulties that can

70



o:mo 8/L-8 1LL°9 29L°9 B9Z 'S EGZ°G|ELL"9 JG9L°9 |L62°6 nmm.m,mmn.o 69L°9{99¢°G¢| 68Z"¢S 0%Z/4v-91
¢1-89 91/61-8 Z8L°9 EBL°9 B9Z°S IPT1E°C|8LL 9 |GLL 9 |€92°G |STE°S [08L°9 |S8L°9 ﬁou,m. 11€°61 * ¥6Z/UvV~91
1-89 8/L-8 €08°9 BLL'9 PTE'S BOE G |Y08°9 108L°9 {SZE°G |BOE° S {€08°9{0LL°9|SCE'G | Q0E°C %9Z/VI-0¢
2-0L 91/1-6 18L4°9 I08°9 [v2E€°S PIE S [8LL°9 |608°9 |GZE°S [STE°G |08L°9 |G08°9{62E G| ZIE"'S 692/ve-07
21-89 8/L-8 G08°9 BLL'9 EOE"Q [g2E°¢S 1LL°9 Jos1°9 [zoe s leze s lzee o fzLe o soc°¢ | ogcs 8L2/04~G2
(*zo-91) (HONT) [4d 1a 4] M za 14 4] M (4! 1d M 1M LI/ # uve
IHOIAM 1 (°NI) 3vay (°NI) YWIINID (*NI) INOUJ . ,
'a-—
°d
1L NOY 4
Me :8590014 3utiae
s d Bupareq M yIINTD
oT1qndoy Pasanjoeynuey
1 :*ON 3BOH Hv3IH
S3ITNW po3aegd JOo s3ayl8ToM pue SuoTsuswIQg ‘H 9[qe]L

71



-89 8/1-6 969°9 |898°9 |512°5 |681°6{569°9 |598°9 |£12°5{61Z2°5|069°9{098°9{v1z G| 881" LEE/O-01
-9 8/L-8 £69°9 {668°9 [8L0°G |£L2T°G{G69°9 [€98°9 [9T[ S |LET S{069°9(€98°9|701"G| 8%1"'S Ge6/0=01
[ARIAY 91/€~6 00L°9 {IOL°9 HY(°GC IETT G 869°9 |00L 9 {THT G821 G |B69°9|0OL O|SYI G} TT("¢C Y1%/h~1

.01-99 ze/6-6 GL9°9 [08L°9 [6T6" Y ISTB % |069°9 [SLL 9 {STO G |EYG"7{¥69°9]98L°9|0E0 G| ¥%0°C L1€/1-01

9-99 8/L-8 169°6 [358°9 |961°6 [S12°S|80L°9 (<58 9 (€22 S|zTz c|569°9(0s8 9[8BT1 S| 2T12°¢ y0€/1-01
(*20~-91) (HONI) ca 1a [4) 11x) Za 1d [y M ca 1d (45} M #l10/ f uvd
IHOTAA 1 (*NI) dva¥ (°NI) ¥IINIO (°*NI) INOUJ .

_nu fﬂfr
M
7 h
\\|Na
-
™~
o
~
2M
— L NOW 4
meg  :ss9ooxg 3uriaeq
uaysiyieg :IsanjorInuey d31N3D
\44 :*ON 3®9H

Hv3

SITNW pe3aed Jo SIY3TOM pue SUOTSULWIQ ¢ o[qeL



0-89 6 £69°90£8°91212*¢|L62°5| 069°9]888°9{0zz 5|z 5| 989 9|s88 9 122°5| see’g ove/a-2
11-89 8/1-6 8LL°9190L°9(TEC"S 951°5| 8279|8699 GEZ G| LET G| 08L 91004791922 S| LET'S| *  BLE/I-T
z-89 . 6 €69°9|cs8°9|zzz s|1vz 5| zos 9|88 98z c|ovz-s| 1oL 9| 098 9| zzz 5| s9z's 0SE/8-1
¢~89 91/€-6 889°9{¢88'9|6L0"S|SEC G S69°9|{CL8"9{9%0 G| 6ET° S} 889°9|088°9}9%0°S] 29C°¢ 68€/0-11
?1-89 8/1-6 0LL°9|148°9]|0TC G {£92°G|889°9{168°9{CT1C S|2YT G| CLI"9|€E06°9 mﬁm.m 829°¢ 28€/0-11
(*z0-191) (HONI) [44 1a 43 1 ca 1d [4y) M ¢a 1d [4y} I #LIOA/ AV
1HOIAN 1 (*NI) uvd (*NI) ¥3IINID (°NI) INO¥d. )
'a
S\ i
- e
AL NOY A
meg :§S8900ag Buriaed
wayaTYy3ag : 19IN3OBINUBK , d3LN3D
q4¢ *"ON 3®3H

s3Tn p23aed Jo s3ay3IsaMm pue

HV3d

mCQHmC@Eﬂa ‘g9 919BL

ie)



be encountered in trying to maintain weight tolerances when
sawing mults, on a production basis, from billets having

irregular cross sections and poor surface quality.

Table 4 (Heat No. 1) shows that the targeted weight of
30.84 kg (68 lbs.) was easily maintained at an average length
of 225.4 mm (8-7/8 in.) on Republic steel.

As indicated in the table, mult number 269 was cut to a
length of 230.18 mm (9-1/16 in.) and yielded a weight of
31.8 kg (70 1lbs.-2 oz.). It was intentionally cut to this
length for the purpose of establishing a mult length tolerance
range (with regards to weight) for the billets that were to be
sawed from Heat No. 1 during the performance of Task E of this

project.

The mult profiles (Appendix C) for this heat exhibit a
fairly constant cross section, indicating that there should
be no difficulty in maintaining the desired weight to length
range when sawing billets from this heat on a production

basis.

However, in viewing the profiles of the mults for Heat
Nos. 2A and 2B, erratic cross sections and severe finish
grinding of billet defects at the steel mill is evident. It
proved difficult to maintain the targeted mult weight while
sawing mults from these two (2) heats. Depending on the
severity of the grinding, length adjustments had to be con-
tinually made in order to attain a mean weight of 30.84 kg
(68 1lbs.).

Although only five mults from each heat were dimensionally
analyzed and weighed, it is evident that the quality of the
billets in Heat Nos. 2A and 2B is far inferior to the quality
of the billets contained in Heat No. 1.
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Past experience has indicated that poor quality of the
billet surface along with irregular billet cross sections
has a direct effect on the quality of the forgings produced.

lMetallurgical Evaluation of Parted Mults

Several mults that were processed by the nick and break
operation had the nicked area metallographically evaluated.
Paragraphs A, B and C detail the hardness zones. Figures
D-1 through D-10 of Appendix D are photomicrographs of nicked

areas from other bars which were nicked and broken.

A. A sample, figure 43, of Bethlehem Steel which was

cooled in a "bung"

from bar 10H.

furnace was evaluated. The nicked area is

Structure Hardness
Re
Retained austenite 46

0.008 inches thick

Area of coarse un-

tempered martensite, 61
retained austenite and

fine untempered martensite 35
0.011 inches thick

Fine untempered and 65

tempered martensite

The term '"untempered martensite'" is used even though the
platelets etch dark. It is felt that the untempered
martensite is tempered in the use of a thermal setting

mounting material which cures at 150°C (302°F).4

Refer to Appendix E for the evaluation of retained
austenite.
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Figure 43.

Nick & Break
M-549
Bethlehem Steel

Photomicrograph of nicked area from bar 10H.
63X Nital Etchant.
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B. A sample, figure 44, of Bethlehem Steel which was box
cooled was evaluated. The nicked area is from bar 11H.

Structure Hardness
Re

Area of retained ~=E
austenite. None
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